Abstract The Nguni cattle breed is a landrace breed adapted to different ecological regions of South Africa. A number of ecotypes are recognised based on phenotype within the breed, but it is not known if they are genetically distinct. In this study, molecular characterisation was performed on Makhathini (MAK), Pedi (PED), Shangaan (SHA) and Venda (VEN) Nguni cattle ecotypes. Two Nguni cattle populations, not kept as separate ecotypes, from the University of Fort Hare (UFH) and Agricultural Research Council Loskop South farm (LOS) were also included. Genotypic data was generated for 189 unrelated Nguni cattle selected based on pedigree records using 22 microsatellite markers. The expected heterozygosity values varied from 69 % (UFH) to 72 % (PED) with a mean number of alleles ranging from 6.0 to 6.9. The F ST estimate demonstrated that 4.8 % of the total genetic variation was due to the genetic differentiation between the populations and 92.2 % accounted for differences within the populations. The genetic distances and structure analysis revealed the closest relationship between MAK, PEDI and SHA ecotypes, followed by SHA and VEN. The UFH population clustered with the MAK ecotype, indicating that they are more genetically similar, while the LOS cattle grouped as a distinct cluster. Results suggest that the genetic differentiation between the PED and SHA ecotypes is low and can be regarded as one ecotype based on limited genetic differences. The results of this study can be applied as a point of reference for further genetic studies towards conservation of Nguni cattle ecotypes.
Introduction
The Nguni cattle breed is a multipurpose breed that plays an important role in both commercial and communal farming systems in South Africa (Ramsay et al. 2000) . It is recognised as an important animal genetic resource possessing valuable adaptive traits resulting in a breed that can survive and reproduce efficiently in marginal production areas (Mapiye et al. 2007; Matjuda et al. 2014) . Nguni cattle are not only able to tolerate harsh environmental conditions but also have natural immunity to tick-borne diseases and parasites that could limit livestock production (Marufu et al. 2011; .
The Nguni is considered as a sub-type of Sanga (Bos taurus Africanus) that originated from the imported Arabian Peninsula bulls (Hanotte et al. 2000; Decker et al. 2014) . Mitochondrial DNA analysis confirmed the origin of Nguni cattle from humped Bos indicus and the humpless Bos taurus (Horsburgh et al. 2013) . The early development of the breed was shaped by evolutionary forces such as migration, genetic drift and selection. It was introduced to the eastern and southern areas of Africa by the nomadic people who migrated from North Africa (Mwai et al. 2015) . According to archaeological evidence, the breed dates back 2000 years ago in South Africa and was introduced via three migration routes (Schoeman 1989) .
Over time, different ethnic groups settled in different geographic regions of South Africa and selected cattle based on phenotypes such as horn shape and size, body conformation and coat colour patterns (Oosthuizen 1996) . Distinctive Nguni cattle ecotypes developed that were adapted to different environmental regions (Bester et al. 2003) . The South African Nguni cattle ecotypes recognised include Bartlow, Makhathini, Pedi, Shangaan and Venda. These ecotypes are linked to the geographic areas where the specific ethnic groups keeping the breed settled and relate to their traditional historic existence and foundation. The majority of Nguni cattle in South Africa consist of large numbers of registered females kept in stud and commercial herds without differentiation into the known ecotypes. Specific ecotypes are kept in small numbers by a number of stud breeders. Selection of the Nguni breed has been primarily based on phenotypic traits and to a lesser extent performance recording.
Molecular data is a useful tool to investigate the genetic diversity and differentiation among species and breeds. Microsatellite markers have been widely used to evaluate the genetic diversity of indigenous cattle breeds (FAO 2011) . Genetic diversity has been investigated in a number of developing countries on breeds such as the Ankole longhorn (Ndumu et al. 2008; Kugonza et al. 2011) and Afrikaner cattle breeds (Pienaar et al. 2014 ) as well as a number of indigenous cattle breeds in Mozambique (Bessa et al. 2009 ), Cuba (Acosta et al. 2013 ), Cameroon (Ngono-Ema et al. 2014 and India (Sharma et al. 2015) .
The Pedi and Makhathini Nguni cattle ecotypes of South Africa have been listed by the Food and Agricultural Organisation (FAO) as endangered breeds (Scherf 2000) . Therefore, immediate interventions are required to conserve the limited number of ecotypes existing. To our knowledge, no genetic studies have been conducted to study the population structure and diversity of South African Nguni ecotypes. The aim of this study was to assess the genetic diversity and population structure of South African Nguni cattle ecotypes for genetic management and conservation using a set of 22 microsatellite markers.
Materials and methods

Sample collection and preparation
The use of animals for this study was performed according to and with approval by the Animal Ethic Committee (AEC) of the University of Pretoria (EC111-13). One hundred and eighty-nine unrelated Nguni cattle were selected based upon pedigree records from South African stud farmers, Mara Research Station, Agricultural Research Council-Animal Production Institute (ARC-API) in Loskop and the University of Fort Hare (UFH) Honeydale farm as indicated in Fig. 1 . The UFH and Agricultural Research Council Loskop South farm (LOS) populations were not defined previously as separate ecotypes and therefore in this study referred to as unknown ecotypes. Tail hair samples were collected from the animals at ARC-API and UFH and kept separately in envelopes to avoid contamination. The samples were grouped accordingly into four Nguni cattle ecotypes in Fig. 2 as Makhathini (MAK), Pedi (PED), Shangaan (SHA) and Venda (VEN) ecotypes and LOS and UFH as unknown ecotypes. The genomic DNA (gDNA) was extracted from the hair samples using the phenol chloroform protocol (Sambrook et al. 1989) in the Animal Genetics laboratory at ARC-API. Blood samples were collected from the animals at the Mara Research Station. For each animal, 5 ml blood was collected in an EDTA tube from the jugular vein and kept at 4°C until extraction could be performed. DNA was extracted from the whole blood samples using Roche High Pure PCR Template Preparation kit (Roche, IN, USA). The concentration of the gDNA was measured using a spectrophotometer (Nanodrop 2000) and purity verified by the 260/280 absorbance ratio (Thermo Fisher Scientific Inc., Waltham, MA, USA).
Polymerase chain reaction (PCR) and genotyping
Twenty-two microsatellite markers selected from the International Society for Animal Genetics (ISAG) bovine panel list of markers (HEL1, INRA63, ETH185, TGLA126, HEL5,  ILSTS006, INRA37, ETH152, INRA23, CSRM60, CSSM66,  TGLA227, TGLA122, ETH10, INRA35, ETH225, ETH3,  TGLA53 , BM1818, BM2113, BM1824 and SPS115) were used to amplify the gDNA. These markers are endorsed for estimating genetic diversity parameters by the ISAG and FAO advisory board (FAO 2011). The polymerase chain reaction (PCR) and genotyping were performed in the Animal Breeding and Genetics laboratory of the University of Pretoria. A 15-μl reaction was prepared with molecular water, ×10 buffer optimised with 50 mM MgCl 2 and 100 mM deoxynucleotides triphosphates, 5U Bioline MyTaq DNA polymerase® (Bioline USA, Inc.), 0.3 μl of 10 mol/μl primers (Applied Biosystems, Foster city, CA, USA) and 5 μl of 50-100 ng of gDNA. The amplification of the DNA samples was performed using Perkin Elmer Gene Amp PCR System® 9700 Thermal cycler (Applied Biosystems, Foster city, CA, USA) programmed to run as follows: 94°C for 10 min, 33 cycles of denaturation at 94°C for 45 s, specific marker annealing temperature for 90 s and replication at 72°C for 60 s, followed by a final extension at 72°C with time dependent on the marker and held at 4°C.
Results
Twenty-two microsatellite markers were used to study the genetic diversity of six South African Nguni cattle populations. A total number of 199 alleles were detected across the 22 microsatellite markers with an overall mean of 9. High gene diversity was found across the six populations with an average of 70 % heterozygosity and 6.47 alleles per locus, as shown in Table 1 . A total of 18 distinct private alleles were found, shared between the MAK (4), UFH (4), LOS (4), PED (3) and VEN (3). No private alleles were found in the SHA population.
Results presented in Table 2 indicated that 4.8 % of the genetic variation was due to differences among populations and 95.2 % was due to difference among individuals within populations.
Genetic distances between the ecotypes indicated relatively close relationships among all the ecotypes with the shortest distance between MAK and UFH (Table 3) .
Structure analysis results indicated that the most likely number of populations are four (K = 4) where the highest proportion of animals were allocated to the MAK ecotype followed by the VEN, PED and SHA ecotypes as indicated in Table 4 and illustrated in Fig. 3 .
The structure analyses including the UFH and LOS populations confirmed the previous clustering with SHA having only 46 % of the animals allocated to this ecotype. Eighty percent of the LOS grouped together while the UFH animals clustered with MAK (Table 5 ).
In Fig. 4 , the apparent introgression between the SHA and PED as well as between the MAK and UFH populations are clearly visible.
Discussion
Nguni cattle are one of the largest indigenous cattle breeds in South Africa contributing to beef production in commercial and communal farming systems. Due to their origin and association to different geographical areas in South Africa, the ecotypes have been named accordingly (Oosthuizen 1996) . Although the ecotypes tend to have specific phenotypes with After amplification, the PCR products were quantified using 3 % agarose gel stained with ethidium bromide and visualised under UV trans-illuminator. The amplified products were separated using the capillary electrophoresis ABI Prism 3130 Genetic Analyzer (Applied Biosystems, Foster city, CA, USA) at the Forestry and Agricultural Biotechnology Institute (FABI) department of the University of Pretoria. The data was imported to GeneMarker 1.95 TM software (Applied Biosystems, CA, USA) to determine allele fragment sizes.
Statistical analysis
Excel Microsatellite Toolkit (Park 2001) was used to estimate the basic population genetic descriptive statistics including heterozygosity values (H O ) and (H E ), total number of alleles and mean number of alleles (MNA) and private alleles. Arlequin version 3.1 (Excoffier et al. 2005 ) was used to perform the analyses of molecular variance (AMOVA) to determine genetic differences between the populations. The genetic relationship among Nguni cattle populations was determined according to Nei's standards (Nei 1987) using POPGen (Raymond and Rousset 1995) . The genetic population structure analysis of Nguni cattle ecotypes was assessed using Bayesian admixture procedure implemented in STRUCTURE 2.3.4 (Pritchard et al. 2000) to infer the most likely number of clusters. The analysis was performed with a burn-in length of 100,000 followed by 500,000 Markov chain Monte Carlo (MCMC) assuming that the dataset could be presented by K separate clusters (K = 2 to 12) with five iterations for each run. Likewise, the population analysis was performed for the Nguni cattle ecotypes including the UFH and LOS populations. The most probable number of populations was determined following the recommendation of Evanno et al. (2005) . Different values of the number (K) of a priori defined clusters were compared and used to calculate the Ln Pr (X|K).
regard to colour and body and or head conformation, genetic differentiation has not been confirmed. Studies to date have confirmed adaptability traits (Marufu et al. 2011 (Marufu et al. , 2014 of the Nguni and identified genomic regions underlying tick resistance (Mapholi et al. 2015) . In this study, the focus was on the genetic diversity and population structure of the known and unknown ecotypes based on microsatellite markers.
All the markers were polymorphic and a total number of 199 alleles were observed across the populations with a mean number of 9. Private alleles were observed in each ecotype except in the SHA ecotype that shared alleles with all ecotypes. The absence of private alleles in the SHA ecotype is probably due to migration and gene flow from the other ecotypes over many generations and farmers' selection based on performance and not only colour patterns or morphological traits (Nguni Cattle Breeders Society 2008). Private alleles could be useful for genetic identification of ecotypes. Private alleles are often observed in diversity studies on indigenous livestock (Ngono Ema et al. 2014 ) and can be used as a tool for measurement of the genetic distinctiveness of a population (Szpiech and Rosenburg 2011) .
Relatively high gene diversity values were observed among the six Nguni cattle populations studied. These values were higher compared to the gene diversity values reported in South African Afrikaner cattle populations (57 %) by Pienaar et al. (2014) . The heterozygosity values observed in the current study were comparable to the values reported in indigenous cattle from Vietnam (Pham et al. 2013) , Cameroon (Ngono Ema et al. 2014) and India (Sharma et al. 2015) . High gene diversity levels are normally associated with long-term natural selection for adaptation and the historic admixture of different populations (Ojango et al. 2011) .
Moderate genetic differentiation was indicated by a F ST value of 4.8 % between Nguni cattle populations and 92.8 % within the Nguni cattle populations. Comparable figures were obtained among Mozambique cattle breeds by Bessa et al. (2009) . Higher F ST levels were, however, reported in cattle breeds for Cameroon indigenous breeds (0.061) (Ngono-Ema et al. 2014) , Ankole Longhorn cattle (0.090) (Ndumu et al. 2008) and Indian cattle breeds (0.133) (Sharma et al. 2015) . The relatively close genetic relationships among the Nguni cattle ecotypes and populations were confirmed by the unbiased Nei's genetic distance pairwise matrix estimates.
The population structure analyses revealed clear admixture among the Nguni cattle ecotypes. The MAK ecotypes tend to have a clear presence in all the ecotype clusters. Phenotypically, the MAK shares coat colour patterns with most of the other ecotypes and can only be distinguished from other ecotypes by a short BV^-shaped head and the small body size (Nguni Cattle Breeders Society 2008). The results indicate that UFH population consists primarily of the MAK ecotype. This is in line with the history of the UFH population primarily from KwaZulu Natal cattle herds, where the MAK ecotype originated (Somoro 2009) . LOS clustered as a separate population; this population was subjected to selection based only on production performance, not colour or other phenotypic traits related to the ecotypes, and this clearly has resulted in genetic distinctiveness. The genetic differences among the ecotypes observed are in agreement with phenotypic characteristics such as coat colour patterns, horn shapes and body frames that are analogous with Nguni cattle ecotypes described by the Nguni Breed Society (Nguni Cattle Breeders Society 2008). Although the VEN and SHA ecotypes originate from regions in close proximity to each and admixture could be expected between the two ecotypes, it was observed that they clustered separately. This is most likely due to the geographical isolation imposed by the mountain ranges resulting in more uniform populations. Studies on local chickens indicated the Lebowa-Venda chickens being distant from other local chicken lines in the same geographical area due to selection on certain morphological characteristics and their geographical isolation in this region (van Marle-Köster et al. 2008) .
This study indicates that although there is moderate to high genetic diversity within the Nguni population as a whole, the genetic differentiation between ecotypes was not high. Despite the phenotypic differences in ecotypes for specific colour variations and horn shape, these ecotypes show genetic relatedness and admixture. The Nguni is widely used in commercial livestock production due to its adaptive traits and as one of the most popular indigenous breeds has the potential to grow in population numbers and consequently also be subjected to selection for improved production.
Vigilant consideration is required with regard to decisions for maintaining these ecotypes as distinct populations based on phenotype and genotype as well as the focus on maintenance of genetic diversity in the total Nguni population. The study could serve as a point of departure for future genetic studies on the conservation and utilisation of these Nguni ecotypes in South Africa.
Conclusion
The results obtained in this study indicated that the Nguni ecotypes in South Africa have been affected by gene flow that resulted into moderate to low genetic differentiation among populations. There is also a clear indication of admixture among the ecotypes with clear separation where a Nguni population was subjected to selection. As the Nguni is an important indigenous breed with application in commercial and communal systems, it is important that further studies will consider the wider application of the breed with regard to adaptive and performance traits.
